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ABSTPAC" 

Th-? purpose of this study was to determine the 
efftf^c*? of three treatments of knowledge of results on the 
acquisition of an open complex motor skill requiring speed and 
accur-icy (coincidence-anticipation) . The 75 volunteer male subjects 
wcr-^ randomly assigned to on'-? of threp treatment groups. One group 
was? given informative knowledge of results; another group, positively 
r«inforcing knowledge of results; while the third group was given no 
punpl«montary knowledge of results. All subjects were given 30 trial? 
or a coincidence-anticipation task which required the subject to mak.i 
a motor response at the time a moving object coincided with two 
s«parated, stationary objects. Two responses were made on each trial. 
A finp motor moveroert was required on the first response, but a large 
motor movera-^nt was required for the second response. P'^sults showed 
no significant differences in performance among the treatment groups 
on ♦he first or second response. It was concluded within the 
limitations of the study that informative and reinforcing knowledge 
of results were no more beneficial to the performance of the present 
cclr.cidence-an*-icipat.< on task than was the intrinsic feedback 
inhor-p-nt to th» task. There appeared to be no tendfjncy for the 
♦rr^atmen* aroups to improve in performance over trials. 
(Author/HMD 
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A3STRACT 

purpose of this study was to dotarmlnQ the relative effects oi 
three treatments of knowledge of results on the acquisition of an open com- 
plex !T>otor skill requiring speed and accuracy (coincidence-anticipation). 
Seventy-five male undergraduate students enrolled at Washington University 
volunteered as subjects. The subjects were randomly assigned to one of three 
treatment kjroups. One group was given Informative knowledge of results, 
another s^roup positively reinforcing knowledge of results, while the third 
group was ,<5lven no supplementary knowledge of results. All subjects were 
«?lvon thirty trials on a coincidence-anticipation task which required the sub- 
ject to make a motor response at the time a moving object coincided with two 
separated stationary objects. Two responses were made on each trial, a fine 
motor movement was required on the first response, but a larn;e motor movement 
wavS required before the second re< ponse. A three-way analysis of variance, 
with one between-groups variable and two wlthln-group variables, was performed 
by the NY\MUL computer program. Results showed no significant differences In 
performance among the treatment groups on the first or second response, based 
on either trial means or total-.tjroup moans. There was only a .52 correlation 
between performance on the first and second responses. It was concluded, within 
Che li::iltations of this study, that informative and reinforcing knowledge of 
results werp no more beneficial to the performance of the present coincidence- 
anticipation task than the intrinsic feedback Inherent to the task. Based on 
trial :nean<;, there appeared to be no tendency for the treatment groups to im- 
provp in porformance over trials. 
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Resct-^rch hat; efitabtished the value of providing supplemen- 
tfil knovtedgo of results during learning and performance. Unfor- 
tunately, thft nK>st desirable type of knowledge of results to 
utilize in the learning of motor skills remains to be identified. 
This i'i especially true of open complex motor tasks where accu- 
racy is a definite requirement, 

Adams (!) recognizes two classes of stimuli important to 
feedback re^ir^^rch in motor learning. One cla^s is the stimuli 
to vihich re^ipon^es are learned, while the second class, and 
the one at \%soe in the present study is reinforcing stimuli. 
Reinforcing stimuli have been researched under the heading of 
knowledge of results. In practical terms, however, there may 
b^^ a great deal of variance in the type of knoviledge of results. 
Should a teacher or coach supplment a student's intrinsic feed- 
back, which is always av.n*lable to him, with informative knowN 
edge of results statements, such as "you swung a ha If -second too 
Utn?" Or, should that teacher use positive, reinforcing knnwN 
edge of results statements, such as 'Very good,'* when the stu- 
dent does well? Research has not yet proven either informative 
knowledge of r*^^ults or reinforcing knowledge of results to be 
more beneficial in the acquisition and performance of an open 
complex motor skill requiring speed and accuracy. It is possible 
that ciuqmentcd knowledge of results may be of no benefit to this 
type of task, despite its proven benefit to other kinds of per^ 
formance. 

Studies on the effects of knowledge of results on the per- 
formance of open complex motor tasks are almost nonexistent. 
Robor^.s and Martens (2) studied effect of four social reinforce- 
ment :reatments on acquisition of a coincident-timing task. 
Christina (3) had subjects respond at the coincidence of a 
movinn p'^inter with a stationary pointer under high or low feed- 
bark conditions. Schmidt and Christina (k) tested subjects on 

variation of the same task, but varied the amount of proprio- 
ception. 

The Durpose of this studv wns to determine the reUtive 
ntfrrts of i nform«:> t i ve knowledge of restjlts, reinforcing knowledge 
or* results, an<i the absence of augmented knowledge of results on 
tn Arrjuisition of an open complex motor skill requiring speed 
rind accuracy. 
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WAnhinfjtnri >»rnvcr>itv» ^l. loui^;^ Missouri durinq the 5P''^'^n-|-«»f(inp 
Sein'^ntor nt H7i nerved tin subjotitn for this ntudy. pESlJp''' 

The caincidrncr^-iinticipdtion oppdr«itus used w<i<; desiqnod 
tind oon'itrurt.od by Harold I. Glad> Associate Professor of 
Physical Education, Was»hinqion University, 

Vh#^ ^.f^hlc nortion of the anparatus connistnH of two pieces 
of met A I conduit, wcldnd si do-by -side horizontally, formed in a 
rr^rtnnglo with rnxmdf^ti corners. The* h»rtC|th of 16'8^' nnd the 
width This st^'^ble ti yck was suspended hor i ?:on t^n 1 I y from 

the ceilinq and stabilised by guy wires. Five ft, of one end 
was ^lopod kQO from the horizontal. 

The mobile portion of the apparatus was a 7-*whoeled car 
whi''h ran on thr stable track in the manner of An inverted mono- 
rAil. A rod v/ilh an oranqe styrofoam ball attached to its end 
war. sus^pended from the bottom of the car, A 2*inr;h piece of 
mcicil protruded horizontally from the top of the car and tripped 
microswi tches At points on the track* The car was pushed up 
one side of the elevated portion of the track, released at the 
top^ and easily traveled the track in loss than 2 seconds* 

Mir roswi tches were located at 3 distinct points on the track: 
at the foot of the elevated portion, just before the first turn^ 
and iu^t out of the second turn. The second and third microswi tches 
were marked hy yellow flags suspended below the track. The front 
edqo of the ball coincided with the front edge of the flag as the 
second and third microswi tches were tripped* 

The microsvn tches operated a system of k one-hundredths of a 
second clocks* Two of these clocks were started by the car trippinq 
the fir<it micror»wi tch ; one was turned off at t\ ^ second microswi tch, 
while the second was turned off by the subject, operated a tele- 
graph key. Iho remaining two clocks were started at the second 
microswitch. one being turnned off at the third microsv/itch and 
the other by the subject operating a second telegraph key. A sys- 
tem of U latch relays allowed continuous operation of the apparatus 
without re5;oiting the mi croswi tches * 

Tho car ^nd stable tr^ck were hidden from the subject by cur- 
tains, as WIS the oss^istant v/ho started the car. The experimenter 
was located at a table at the side of the apparatus and in full view 
of the subject. 

The telogr--»ph keys were located on a table 10* from the lower 
ond of thf} tr^^rk. These keys were 38'^ apart, ccnter-to-center . 
The <:ubjert w-i*: required first to anticipate the coincidence of 
the appraoching ball c^nd the first flag and pro'-^s the first tele- 
graph key with his preferred hand at the time of coincidence. He 
was then rec^uirr^d to anticipate the coincidence of the ball as it 
traveled AWr^y from him v/ith the second flag, at which time the 
second toleqraph key was pressed with the same hand that was used 
on the first switch. 
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The* iipprir.it.ur* w^is thus desiqncd to permit ? rororcHnqs of the 
vQi^l tinu? sr^rsu^ the nubjoci *s time on oAch trial. The clcsor the 
subject time to the roal timCt tho better his perforirance. The 
separate circuits, one providinq real time and the other providing 
the subject's t^-nc, allov^ed for any variation of the speed of the 
mbi le apparatus* 

The siibjnci hart the sensation of seeing a baM move in space; 
the ball ^^pprcorhed the subject on the right, passed the first flag» 
rovprso its direction, then passed the second flag as it traveled 
away from him. 

Subjects were randomly assigned to 1 of 3 treatments as thoy 
reported to the testing nrea. All subjects were qiven a standard 
explanation of the task and all questions were answered. Subjects 
were then shown the apparatus and positioned at the testing station* 
Each <;ubjoct wa«; i-illowed to familiarize* himself with the telegraph 
keys and prno t ice movinq from the first to the second. When it 
was detorminc^d that the subject understood the task, one practice 
trial was given and then testing was begun. 

Each subject was given 30 trials. The average speed of the 
mobile apparatus between the first and second microswi tches was 
10.7 ft/sec. Of 2,250 trials administered only 1.2% were more than 
^ hundredths of a second above or below the average time.. Between 
the second and third microswi tches the average speed was 8.3 ft./sec- 
Of All trials ^idmi ni stered only 6% were more than 5 hundredths of 
a second above or below the avereqe. 

Intor-trial periods were the legnth of time required for the 
experimenter to record the results, give knowledqe of results to the 
subiects where f^ppropr iate, reset the clocks, and for the assistant to 
reset the mobile ^^pparatus. The maximum interatrial period was 15 
sec. All trials begc*n with the experimenter saying to the subject 
"ready.'* 

Subject** in the rirst Treatment Group were given no knowledqe of 
results, the only comment to the subject being the *'reddy** signal 
before each trial. 

Subjects in the Second Treatment Group were qiven (positive) re- 
inforcinq knowledqe of results after each trial. If the real timc-- 
subject's time difference was 5 hundredths of a fiocond or loss, or 
his score represented an improvement over the previous trial, he was 
qiven one of the follov/ing statements: **qood,** **verv good,'' *Vou 
did (well, a great job, a nice job) on that one,'* **that was a (good, 
great) trial.'* When the subject met this criterion on one of the 
c^nticipat ions , but not on the other, the following comment was made: 
"you were (a little) off on the (first, second) one, but yoj did 
(well, a good job) on the (first, second) one," On the first trial 
or thereafter if the ^^ubjcct did not reach the criterior the follov^inq 
conment.s wore mnde: **0K." ^^you were (a little) off, but (you Ml do 
better, it will come, vou * 1 1 get it).*' All comments wore randomly 
distributed accordinq to the condition met by the subject. 



^ublf^^'t i <n tho Thtrd Treetment Grnup were given infortratlve 
k^cwlt^Hn^ of to ultR: the diffcrcmce b^iwi^^on lh<»ir time and the 
rct^l time in hundrcdths-of -a-$econd, *nd the direction of their 
errur . 

E.^ch subject performance wa^ recorded in hundredths of a 
second e»irly or late, a positive number indicating a late response 
»^nd negative number indicating early response* Scores were 
the difference between the mobile nnparatus real time and the sub- 
ject's estim-ition of the mobile i^pparatus' time^ The lower the 
score, the better the score* 

Scores wereinaly/ed by the NYBMIIL computer proqram on an 
IBM 360 conputer. Means and standard deviations for each trial 
c^nd for all groups were calculated. Alrnost all means for the 
"away'* lovel of the scores per trial were negative for all treat** 
ment groups- '*row^rd'* scores, however, tended to be nagtive 
only fo*- the Pirst Treatment Group, which received no knowledge 
of re%uH*>. Thn st-indard H^viations for -^ll groups ♦^endf^d to 
r<f r.>>^•• 5n fhc* l.^t;**'' t r i ^ 1 . Th^ rorrrl^fion cor»f f ic iont hotvron 
^►..-.sr.^.; nn •*if)w'«r*r' responses, v.'hirh required fine motor response* 
.^nd ''^^w^y** responses., which required a gross motor resnonse^ was 

Multivariate tests of equality of the mec^n vectors for the 
'•towf^rd** scores and for the "away*' scores yielded nonsignificant 
F-r^tio^ ^t the •Ol level. A multivariate te<t for all trials 
also vinHcd m F-r^*tio which wos nonsignificant ^t tho .01 
l.?vel. Th^ F-rc^r.io for a multivariate test of equtility of m»*an 
vectors betwr'»n ?11 *How.ird** scores and alPW^^y'* scores was 
also nonsignificant at the •01 leveU 

Univariate F-rat.ios for trials were performed for the 
"tovnrd" responses and the ''away'* responses. Only the ^'tow-ird'' 
level of Trial 21 wns significant at the .01 level* Univariate 
F-r.;»tios for all *'away'* responses were nonsignificant* 

The findings of this study do not support the belief that 
pro».Msion of knowledqc* of results* either informaHve or rein- 
forcing, is more beneficial than the intrinsic feedback already 
Available during n>:^ts>r learning and/or performance. 

Iho findino that there were no significant differences in 
performance r^monq the groups may lead to several conclusions* 
The fir^i is that informative and reinforcing knowledge of results 
^re no more bonefirial to the performance o^ thn present coincidence- 
.^nticip.U ion tosk thnn the intrinsic feedback inherent in the task- 
Sr-ondiy, tho variation in individucil performance wa?; large* Thirdly, 
the coinc idence-ant icipation t-»sk may not have been capable of 
showinq significant differences. Lostly. for the present task more 
than thirty trials miy be necessary to show significant differences^ 



A stronq DossibiHty exists thdt the intrinriic fe^db^HTk 
.^vnilfihtc during pfrform^ncn nf thi-s t*ink may be ^fl«qu<*tc fur on 
nptimum p^f form?ince by the Aubj'?ct. In t^ACl t the Jiubject mav 
hAvo been relvinq >n i variety of ether cue^ in addition to 
visual ly-porceived cues. Since the car itself made noise, the 
subject could have been relying heavily on auditory cues. Me 
may c-iJso have been attending to kinesthetic cues, especially 
for the second (qross) motor response* 
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